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We study Bc → (D, D∗) l ν semileptonic decays mediated via b → u l ν charged current interac-
tions using the Bc → (D, D∗) transition form factors obtained in the covariant light front quark
model. We give predictions on the branching ratios, ratio of branching ratios, and various asym-
metries pertaining to these decay modes within the standard model. These results can be tested in
the ongoing or in the future experiments and can provide complimentary information regarding the
observed anomalies in B → (D, D∗)τν and Bc → J/Ψτν decays.
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I. INTRODUCTION
Flavor anomalies present in various B meson decays compelled physicist to look for beyond the standard model (SM)
physics. The deviation from the SM prediction observed in the measured ratio of branching ratios RD and RD∗ [1–5]
in B → (D, D∗) lν decays and very recently measured RJ/Ψ [6] in Bc → J/Ψ l ν decays provide hints of lepton flavor
universality violation. Currently, the discrepancy in RD and RD∗ with the SM prediction [7–15] stands at around
3.78σ [16]. Similarly, a deviation of around 1.3σ is observed in RJ/Ψ from the SM prediction [17–20]. Furthermore, a
deviation of around 1.5σ [21] is observed in B(B → τν) decays mediated via b→ u l ν charged current interactions as
well. If this persists in future experiments, it would be a definite hint of existence of beyond the SM physics.
Study of semileptonic Bc meson decays will play an important role in the future. Being consist of two heavy quarks
b and c, the weak decays of Bc meson can occur via b → (u, d, c, s) and c → (u, d, s) transition decays. Although,
measurements on non-leptonic decays of Bc meson exist [22, 23], however, for semileptonic decays, so far, LHCb has
measured only the ratio of branching ratios RJ/Ψ in Bc → J/Ψ l ν decays. With more and more data accumulated by
the LHCb on Bc meson, detection of semileptonic Bc meson decays to various other mesons mediating via b→ (c, u) l ν
charged current and b → s l l¯ neutral current interactions will be feasible. It should be noted that study of various
Bc meson decays will act as complimentary decay channels to similar decays in the B meson sector. Moreover, study
of semileptonic Bc meson decays both theoretically and experimentally are not only important but also necessary to
maximize future sensitivity to new physics (NP) contributions. Again, a precise determination of Bc semileptonic
branching ratio will be crucial to determine the not so well known CKM matrix elements as well.
The semileptonic Bc → (D, D∗) l ν decay amplitude can be factorized into leptonic and hadronic matrix elements,
where, the leptonic matrix element can be easily evaluated. The hadronic matrix element, on the other hand, depends
on various meson to meson transition form factors that involve QCD in the non perturbative regime. Several theoretical
approaches exist such as the QCD sum rules, the covariant light front quark model, the relativistic constituent quark
model, and the non relativistic QCD to evaluate Bc → M transition form factors [24–31]. We follow the covariant
light front quark model adopted in Ref. [32] for the Bc → D and Bc → D∗ transition form factors. Our main aim is
to provide prediction on various observables related to Bc → (D, D∗) l ν decays in the SM. We give first prediction
on various observables such as the ratio of branching ratios, lepton side forward backward asymmetry, polarization
fraction of the charged lepton, convexity parameter, longitudinal and transverse polarization fraction of D∗ meson
and the forward backward asymmetry of the transversely polarized D∗ meson.
The paper is organized as follows. In section II A, we start with the effective weak Hamiltonian for b → u l ν
transition decays and subsequently write down the general form of the differential decay distribution for the Bc →
(D, D∗) l ν semileptonic decays. We write down explicit expressions of various observables pertaining to Bc → D l ν
and Bc → D∗ l ν decays in section II B and section II C, respectively. We present our results and discussion in
section III with a brief summary and conclusion in section IV.
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2II. FORMALISM
A. Effective weak Hamiltonian
Effective field theory approach is the natural way to separate the long distance and the short distance effects coming
from different scales involved in the electroweak interaction [33, 34]. Another advantage of using effective field theory
is that it can be easily extended to include NP effects by introducing new operators [35, 36]. At the quark level, the
Bc → (D, D∗) l ν decays are governed by the effective weak Hamiltonian in which the heavy degrees of freedom are
integrated out. The effects of the heavy degrees of freedom are absorbed into the short distance coefficients. The
effective weak Hamiltonian for the b→ u l ν quark level transition, within the SM, can be written as
Heff = GF√
2
Vub u¯ γµ(1− γ5) b l¯ γµ (1− γ5) νl , (1)
where GF is the Fermi coupling constant and Vub is the relevant Cabibbo-Kobayashi-Maskawa (CKM) matrix element.
Using the effective Hamiltonian of Eq. 1, the three body differential decay distribution for the Bc → (D, D∗) l ν decays
can be expressed in terms of two kinematic variables q2 and θl as follows:
dΓ
dq2d cos θl
=
G2F |Vub|2|~P(D,D∗)|
29 pi3m2Bc
(
1− m
2
l
q2
)
LµνH
µν , (2)
where q2 denotes lepton invariant mass squared and θl denotes the the angle between the ~PD,D∗ and lepton three
momentum vector in the l−ν rest frame. Here |~P(D,D∗)| =
√
λ(m2Bc ,m
2
(D,D∗), q
2)/2mBc denotes the three momentum
vector of the outgoing meson, where, λ(a, b, c) = a2 +b2 +c2−2(ab+bc+ca). The covariant contraction of Lµν (lepton
tensor) and Hµν (hadron tensor) can be obtained by using the helicity techniques. A detail discussion of the helicity
techniques can be found in Refs. [37, 38].
B. Bc → D l ν decay observables
The full angular distribution of three body Bc → D l ν decays can be written as
dΓD
dq2 d cos θl
= 2N |~PD|
{
H20 sin
2 θl +
m2l
q2
[
(H0 cos θl −Ht)2
]}
, (3)
with
N =
G2F |Vu b|2 q2
256pi3m2Bc
(
1− m
2
l
q2
)2
, H0 =
2mBc |~PD|√
q2
f+(q
2) , Ht =
m2Bc −m2D√
q2
f0(q
2) , (4)
where f0(q
2) and f+(q
2) are the relevant Bc → D transition form factors. By performing the integration over cos θl,
we obtain the differential decay rate as follows:
dΓD
dq2
=
8N |~PD|
3
{
H20
(
1 +
m2l
2 q2
)
+
3m2l
2 q2
H2t
}
. (5)
We also investigate the q2 dependent differential ratio defined by
R(q2) =
DBR(Bc → Dτν)(q2)
DBR(Bc → D l ν)(q2) , (6)
where, l is either an electron or muon and DBR(Bc → Dτν)(q2) = dΓDdq2 /Γ. Note that Γ = 1/τBc denotes the total
decay width of the Bc meson. Furthermore, we also explore several other observables such as the lepton side forward
backward asymmetry AlFB(q
2), the longitudinal polarization fraction of the charged lepton P l(q2), and the convexity
parameter ClF (q
2) for the Bc → D l ν decays. The forward backward asymmetry in the angular distribution is defined
as
AlFB(q
2) =
( ∫ 0
−1−
∫ 1
0
)
d cos θ dΓ
D
dq2 d cos θ
dΓD
dq2
=
3m2l
2q2
H0Ht
H20
(
1 +
m2l
2 q2
)
+
3m2l
2q2 H
2
t
. (7)
3Similarly, the longitudinal polarization fraction of the charged lepton is defined as
P l(q2) =
dΓD(+)/dq2 − dΓD(−)/dq2
dΓD/dq2
=
m2l
2 q2 (H
2
0 + 3H
2
t )−H20
m2l
2 q2 (H
2
0 + 3H
2
t ) +H
2
0
, (8)
where dΓD(+)/dq2 and dΓD(−)/dq2 define the differential decay rate of the positive and negative helicity leptons,
respectively. Again, by taking second derivative of Eq. 3 with respect to cos θl, we obtain the convexity parameter.
That is
ClF (q
2) =
1
(dΓD/dq2)
d2
d(cos θ)2
[
dΓD
dq2 d cos θ
]
=
3
2
H20
(
m2l
q2 − 1
)
[
H20
(
1 +
m2l
2 q2
)
+
3m2l
2 q2 H
2
t
] . (9)
We also give predictions on the average values of the ratio of branching ratios RBcD, forward backward asymmetry
AlFB , the longitudinal polarization fraction P
l, and the convexity parameter ClF for the Bc → D l ν decay mode by
separately integrating the numerator and the denominator of Eq. 6, Eq. 7, Eq. 8, and Eq. 9 over q2.
C. Bc → D∗ l ν decay observables
We write the three body Bc → D∗ l ν differential (q2, cos θl) decay distribution as
dΓD
∗
dq2 d cos θl
= N |~PD∗ |
{
2A20 sin2 θl +
[(
1 + cos2 θl
)
+
m2l
q2
sin2 θl
][
A2‖ +A2⊥
]
− 4A‖A⊥ cos θl + 2m
2
l
q2
[
A0 cos θl −At
]2}
.(10)
By performing the integration over cos θl, we obtain
dΓD
∗
dq2
=
8N |~PD∗ |
3
[(
A20 +A2‖ +A2⊥
)(
1 +
m2l
2 q2
)
+
3m2l
2 q2
A2t
]
(11)
with
A0 = 1
2mD∗
√
q2
[(
m2Bc −m2D∗ − q2
)
(mBc +mD∗)A1(q
2) − 4m
2
Bc
|~pD∗ |2
mBc +mD∗
A2(q
2)
]
,
A‖ = 2 (mBc +mD
∗)A1(q
2)√
2
, A⊥ = −4mBc V (q
2) |~PD∗ |√
2 (mBc +mD∗)
, At = 2mBc |
~PD∗ |A0(q2)√
2
, (12)
where V (q2), A0(q
2), A1(q
2), and A2(q
2) are the relevant Bc → D∗ transition form factors.
Similar to Bc → D l ν decay observables, we investigate differential ratio R(q2), forward backward asymmetry
parameter AlFB(q
2), longitudinal polarization fraction of the charged lepton P l(q2), and the convexity parameter
ClF (q
2) for the Bc → D∗ l ν decays. The explicit expressions are
R(q2) =
DBR(Bc → D∗τν)(q2)
DBR(Bc → D∗ l ν)(q2) , l ∈ (e, µ) ,
AlFB(q
2) =
3
2
A‖A⊥ + m
2
l
q2 A0At(
A20 +A2‖ +A2⊥
)(
1 +
m2l
2q2
)
+
3m2l
2 q2 A2t
,
P l =
(
A20 +A2‖ +A2⊥
)(
m2l
2q2 − 1
)
− 3m2l2q2 A2t(
A20 +A2‖ +A2⊥
)(
1 +
m2l
2q2
)
+
3m2l
2q2 A2t
,
ClF =
3
4
(
m2l
q2 − 1
)(
2A20 −A2‖ −A2⊥
)
(
A20 +A2‖ +A2⊥
)(
1 +
m2l
2 q2
)
+
3m2l
2 q2 A2t
. (13)
4We also explore the forward backward asymmetry for the transversely polarized D∗ meson ATFB(q
2) obtained by
dropping the A0 and At from AlFB(q2) of Eq. 4. Similarly, we define the longitudinal and transverse polarization
fractions FD
∗
L (q
2) and FD
∗
T (q
2) of the D∗ meson. The explicit expressions are as follows:
ATFB(q
2) =
3
2
A‖A⊥(
A2‖ +A2⊥
)(
1 +
m2l
2 q2
) ,
FD
∗
L (q
2) =
A20
(
1 +
m2l
2 q2
)
+
3m2l
2 q2 A
2
t(
A20 +A2‖ +A2⊥
)(
1 +
m2l
2 q2
)
+
3m2l
2 q2 A2t
,
FD
∗
T (q
2) =
(
A2‖ +A2⊥
)(
1 +
m2l
2 q2
)
(
A20 +A2‖ +A2⊥
)(
1 +
m2l
2 q2
)
+
3m2l
2 q2 A2t
, (14)
where FD
∗
L +F
D∗
T = 1. Similar to Bc → D l ν decays in section II B, we also give perdictions on the average values of
all the observables defined in Eq. 13 and Eq. 14.
III. RESULTS
A. Inputs
For our numerical estimates, we use mD = 1.86486 GeV, mD∗ = 2.00698 GeV, and mBc = 6.2751 GeV. Similarly
for the lepton masses, we use me = 0.5109989461 × 10−3 GeV and mτ = 1.77682 GeV. The mass of b quark at
the renormalization scale µ = mb is taken to be mb(mb) = 4.18 GeV. For the lifetime of Bc meson, we use τBc =
0.507d − 12 S. We use Ref. [22] for all the above mentioned inputs. The CKM matrix element is taken to be
|Vub| = (36.1 ± 3.2) × 10−4 [22]. In order to make predictions on various observables, we need the information of
various form factors related to Bc → D and Bc → D∗ transitions. We follow Ref. [32] and report in Table. I the
relevant form factor inputs that are obtained in the covariant light-front quark model. The momentum dependence
F F (0) c1 c2
fBcD+ 0.16± 0.03 3.46± 0.31 0.90± 0.08
fBcD0 0.16± 0.03 2.41± 0.28 0.47± 0.06
V BcD
∗
0.13± 0.03 4.21± 0.39 1.09± 0.10
ABcD
∗
0 0.09± 0.01 4.18± 0.40 0.96± 0.11
ABcD
∗
1 0.08± 0.01 3.18± 0.37 0.65± 0.08
ABcD
∗
2 0.07± 0.01 3.78± 0.35 0.80± 0.07
TABLE I: Bc → D, D∗ form factor inputs from Ref. [32].
of the form factors is parametrized as follows:
F (q2) = F (0) exp(c1 s+ c2 s
2) , (15)
where s = q2/m2Bc and F represents the form factors f+, f0 and V , A0, A1, and A2, respectively.
Uncertainties in the calculation of the Bc → (D, D∗) l ν decay amplitudes may come from two kinds of inputs.
First kind of inputs are very well known such as mass of mesons, mass of quarks, mass of leptons and lifetime of the
Bc meson. Second kind of inputs are not very well known hadronic parameters such as the CKM matrix element |Vub|
and Bc → (D, D∗) transition form factors. To estimate the uncertainties associated with each observable, we perform
a χ2 analysis based on the uncertainties coming from the not so well known hadronic inputs only. Uncertainties
associated with the well known inputs are omitted in our χ2 analysis.
5B. SM prediction of Bc → D l ν decay observables
The SM prediction of Bc → D l ν decay observables are reported in Table. II. We use the central values of all the
input parameters to obtain the central values of each observables. To find the SM range, we define a χ2 as follows:
χ2 =
7∑
i=1
(Oi −O0i )2
σ2i
, (16)
where Oi =
(
|Vub|, f0, f+, cf01 , cf02 , cf+1 , cf+2
)
. Here O0i represents the central value of each parameter and σi rep-
resents the 1σ uncertainty associated with each parameter. The range of each observable is obtained by demanding
χ2 ≤ 0.989. The branching ratio of Bc → D l ν is found to be of order 10−4 for both e and the τ modes which is in
good agreement with the values obtained in Ref. [32]. The slight difference may come from different choices of the
input parameters. The value of each observables for the e mode differs significantly from that of the τ mode. As
expected, we obtain AeFB = 0, P
e = −1, and CeF = −1.5 in the SM.
Observables Central value Range Observables Central value Range
B(Bc → D eν)× 104 0.277 [0.183, 0.406] B(Bc → Dτν)× 104 0.195 [0.138, 0.264]
P e −1.000 −1.000 P τ −0.047 [−0.263, 0.183]
AeFB 0.000 0.000 A
τ
FB 0.294 [0.269, 0.301]
CeF −1.500 −1.500 CτF −0.556 [−0.433,−0.672]
RBcD 0.703 [0.589, 0.891]
TABLE II: SM prediction of various observables for the Bc → D l ν semileptonic decays.
We show in Fig. 1 the differential branching ratio DBR(q2) and differential ratio R(q2) as a function of q2. The
solid lines correspond to the central values of the input parameters, whereas, the bands correspond to uncertainties in
the CKM matrix element |Vub| and various Bc → D transition form factor inputs. It is observed that the differential
decay distribution is zero at q2 = m2l and q
2 = q2max = (mBc − mD)2. This is obvious because at q2 = m2l , N
goes to zero and at q2 = (mBc −mD)2, ~PD goes to zero. The peak of the differential decay distribution for the e
mode (3.0 × 10−6 GeV−2) and the τ mode (2.5 × 10−6 GeV−2) occurs at around q2 = 11 GeV2 and q2 = 12.5 GeV2,
respectively. For the differential ratio R(q2), we obtain the maximum value of R(q2) = 4 at q2 = q2max. It is worth
mentioning that the uncertainty is less in R(q2) than DBR(q2) due to cancellation of various uncertainties that are
common to both the numerator and the denominator.
FIG. 1: Differential branching ratio DBR(q2) and differential ratio R(q2) for Bc → D l ν decays in the SM. The pink band (e
mode) and the blue band (τ mode) correspond to uncertainties in |Vub| and Bc → D form factor inputs. The pink and blue
solid lines represent the SM prediction for the e and the τ modes obtained using the central values of all the input parameters.
The q2 dependence of the forward backward asymmetry AlFB(q
2), longitudinal polarization fraction P l(q2) and
convexity parameter ClF (q
2) in the SM is shown in Fig. 2. We observe that AlFB(q
2), P l(q2), and ClF (q
2) for the e
mode remain constant throughout the whole q2 region. However, for the τ mode, AτFB(q
2) peaks (0.5) at low q2 and
gradually decreases as q2 increases. It becomes zero at q2 = q2max. For the longitudinal polarization fraction of the τ
lepton, P τ (q2) is around 0.5 at low q2, reaches its minimum value (−0.47) at q2 = 12.5 GeV2 and gradually increases
6to 1 at high q2. It can assume both positive and negative values depending on the value of q2. Considering the central
blue solid line, we find two zero crossings in the P τ (q2) observable at q2 = 7.2 GeV2 and q2 = 16.5 GeV2, respectively.
The convexity parameter CτF (q
2) is zero at low and high q2. It is found to be minimum (−0.8) at q2 = 15 GeV2.
Although the forward backward asymmetry AτFB(q
2) is always positive, the convexity parameter CτF (q
2) is always
negative throughout the whole q2 region.
FIG. 2: Forward backward asymmetry AlFB(q
2), longitudinal polarization fraction P l(q2) and convexity parameter ClF (q
2) for
the Bc → D l ν decays within the SM. Notations are same as in Fig. 1.
C. SM prediction of Bc → D∗ l ν decay observables
We first report in Table. III the central value and the allowed range of each observables for the Bc → D∗ l ν
semileptonic decays, where, l is either an electron or a tau lepton, respectively. The central value of each observable
is obtained by using the central value of each input parameters, whereas, the allowed range is obtained by effecting a
χ2 defined as
χ2 =
13∑
i=1
(Oi −O0i )2
σ2i
, (17)
where Oi denotes the CKM matrix element |Vub| and the B → D∗ form factor inputs such as V , A0, A1, A2 and
the corresponding values of c1 and c2, respectively. Here O0i represents the central value of each parameter and σi
represents the 1σ uncertainty associated with each parameter. We obtain the SM range by demanding χ2 ≤ 3.565.
The branching ratio B(Bc → D∗ l ν) is of the order of 10−4 for both e and the τ modes, respectively. This is in good
agreement with the results obtained in Ref. [32]. In the SM, we obtain the ratio FD
∗
L /F
D∗
T to be around 2/3 for the
e as well as the τ mode.
Observables Central value Range Observables Central value Range
B(Bc → D∗ eν)× 104 0.395 [0.217, 0.715] B(Bc → D∗τν)× 104 0.238 [0.135, 0.424]
P e −1.000 −1.000 P τ −0.654 [−0.544,−0.715]
AeFB −0.365 [−0.234,−0.504] AτFB −0.222 [−0.113,−0.345]
CeF −0.162 [0.079,−0.319] CτF −0.039 [0.088,−0.124]
(ATFB)
e −0.613 [−0.435,−0.720] (ATFB)τ −0.527 [−0.364,−0.633]
(FD
∗
L )
e 0.405 [0.298, 0.475] (FD
∗
L )
τ 0.412 [0.334, 0.465]
(FD
∗
T )
e 0.595 [0.525, 0.702] (FD
∗
T )
τ 0.588 [0.535, 0.666]
RBcD∗ 0.603 [0.573, 0.651]
TABLE III: SM prediction of various observables for the Bc → D∗ l ν semileptonic decays.
In Fig. 3, we show the differential branching ratio DBR(q2) and differential ratio R(q2) as a function of the lepton
invariant mass squared q2. The solid lines correspond to the central values of the input parameters, whereas, the
bands correspond to the uncertainties associated with the CKM matrix element |Vub| and various Bc → D∗ transition
7form factor inputs. The pink band represents the e mode and the blue band represents the τ mode, respectively. We
observe that the DBR(q2) for Bc → D∗ e ν peaks (8× 10−6 GeV−2) at q2 = 15 GeV2, whereas, for the Bc → D∗ τ ν,
it peaks (5.5 × 10−6 GeV−2) at q2 = 15 GeV2. We observe that as q2 increases, R(q2) gradually increases and reach
its maximum value 0.75 at q2 = q2max. It is evident that the uncertainty in R(q
2) is greatly reduced in comparison to
the uncertainty in DBR(q2).
FIG. 3: Differential branching ratio DBR(q2) and differential ratio R(q2) for Bc → D∗ l ν decays in the SM. The pink band (e
mode) and the blue band (τ mode) correspond to uncertainties in |Vub| and Bc → D∗ form factor inputs. The pink and blue
solid lines represent the SM prediction for the e and the τ modes obtained using the central values of all the input parameters.
We show in Fig. 4 various other q2 dependent observables for the Bc → D∗ l ν decays. If we consider the central
values denoted by the solid lines, we find that there exists a zero crossing in the forward backward asymmetry
parameter AτFB(q
2) at q2 = 6.5 GeV2 above which it becomes negative. AτFB(q
2) peaks (0.3) at low q2 and reach its
minimum of around−0.4 at q2 = 15 GeV2. It becomes zero at high q2. However, AeFB(q2) remains negative throughout
the whole q2 region. Similarly, we observe a zero crossing in the τ polarization fraction P τ (q2) at q2 = 4.3 GeV2.
P τ (q2) is around 0.4 at low q2 and gradually decreases to around −0.8 at high q2. We observe that P e(q2) remains
constant (−1.0) in the whole q2 region. It is observed that, if we consider the central solid lines, ClF (q2) for both
e and τ modes remains negative throughout the whole q2 region. However considering the bands, they can assume
positive values depending on the value of q2. The magnitude of CeF (q
2) is much larger than the magnitude of CτF (q
2).
Magnitude of CeF (q
2) can be as large as −1.2 at low q2, whereas, CτF (q2) remains very small in the whole q2 region.
The asymmetry ATFB(q
2) for both e and τ mode are always negative. For the e mode, ATFB(q
2) can be as large as
−0.75 below q2 = 15 GeV2, whereas, for the τ mode, it can assume large value of around −0.65 at q2 = 15 GeV2. In
the SM, the longitudinal polarization fraction of the D∗ meson FD
∗
L (q
2) for the τ mode can be as large as 0.85 at low
q2 and gradually decreases to about 0.3 at high q2. Similarly for the e mode, it peaks (1.0) at low q2 and decreases to
about 0.2 at high q2. Again, as expected, FD
∗
T (q
2) for the τ mode is minimum (0.15) at low q2 and it peaks (0.7) at
high q2. For the e mode, FD
∗
T (q
2) is zero at low q2 and peaks (0.8) at high q2. FD
∗
L (q
2) and FD
∗
T (q
2) remain positive
in the entire q2 region.
IV. CONCLUSION
We have investigated semileptonic decays of Bc meson to D and D
∗ meson with a charged lepton and a neutrino
in the final state. We use the effective Hamiltonian for b→ u l ν quark level transition decays and give predictions on
various observables for these decay modes within the SM. We give first prediction of various observables such as the
ratio of branching ratios, lepton side forward backward asymmetry, longitudinal polarization fraction of the charged
lepton, convexity parameter, forward backward asymmetry of the transversely polarized D∗ meson, longitudinal and
transverse polarization fraction of the D∗ meson for these decays modes. These results can be tested at future
experiments and, in principle, can provide complimentary information regarding lepton flavor universality violation
observed in various B meson decays.
8FIG. 4: Forward backward asymmetry AlFB(q
2), longitudinal polarization fraction P l(q2), convexity parameter ClF (q
2), forward
backward asymmetry for the transversely polarized D∗ meson ATFB(q
2), longitudinal polarization fraction of D∗ meson FL(q2)
and the transverse polarization of the D∗ meson FT (q2) for the Bc → D∗ l ν decays within the SM. Notations are same as in
Fig. 3.
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